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[57] ABSTRACT

Wet glass ionomer cement 1s applied to a tooth lesion.
Before the cement hardens, wet amalgam is applied on
top of the glass ionomer cement. The glass ionomer
bonds to the tooth, and the interface of the wet cement
and wet amalgam allows strong ionic bonds to form
between the giass ionomer cement and the amalgam, to
provide an exceptionally strong bond between the amal-
gam and the tooth.

17 Claims, No Drawings



5,252,122
Page 2

OTHER PUBLICATIONS

Starting today, you may never have to re~cement again

... ever. Advertisement, Dentistry Today, 1991; 10,6: p.
17.

Staninec et al., Bonding of Amalgram to tooth structure:

Tensile adhesion and microleakage tests; Journal of

Prosthetic Dentistry; 59:4; Apr. 1988; pp. 397-402.
Rueggeberg et al., Bond Strength of Panavia EX to Den-
tal Amalgam,; International Journal of Prosthodontics;
2:4; pp. 371-375, 1989.

Toru et al., Inhibition in Vitro of Caries around amalgam
Restorations by Bonding Amalgam to Tooth Structure;
Operative Dentistry; 14; 1989; pp. 142-148.

Shimizu et al., Bond Strength between Amalgam and
Tooth Hard Tissues with Application of Flouride, Glass
lonomer Cement and . . . , Dental Materials Journal; 52;
1986; pp. 225-232.

Varga et al., Bonding of Amalgam Filling to Tooth Cavity
with Adhesive Resin; Dental Materials Journal; 5:2; 1986
pp- 158-164.

Lacy et al., The bonded amalgam restoration; Quintes-
sence International; 20:7; 1989, pp. 521-524.

Cooley et al., Bond strength of resin to amalgam as af-
fected by surface finish; Quintessence International; 20:4;
pp. 237-239, 1989.

Hibler et al.; Bond Strength Comparisons of Repaired
dental Amalgams; Quintessence International; 19:6;
1989; pp. 411-415.

Yu et al., Experimental use of a bonding agent to reduce
marginal microleakage in amalgam restorations; Quintes-
sence International; 18:11; 1987; pp. 783, 787.

Colon et al., Les amalgames colles: technique diretc et
indirecte; Revue D’Odonto Stomatologie; 16:1; 1987;
pp. 9-18.

Warren et al.,, Bonding amalgam to glass ionomer with
PAA; Dental Materials; 4; 1988; pp. 191-196.
Stevenson, Modified Bonded Amaigam Technique (letter
to the editor); British Dental Journal; Dec. 24, 1983; p.
401.

The Government Chemist Plays Host; British Dental

Journal; Apr. 23, 1983; p. 268.

Braden, The Effect of Technology on Clinical Practice, Jul
1 to 3, 1983.

Effects of Polycarboxylate and Glass-Ionomer cements on

Stainless Steel crown Retention; British Dental Journal:
p. 218, 1983.

Pearson, Finishing of Glass-Ionomer Cements; British
Dental Journal; 155; 1983; pp. 226-228.

Opacity of Glass-Ionomer Cements, 1983, Acta Odontol

Scand 41:155-157.

Prodger et al., ASPA Adhesion Study; British Dental
Journal; 143, 1977; pp. 266-274.

Dentist's Desk Reference: Materials, Instruments and
Equipment; American Dental Association; 1981, pp.
Preface and 84-54.

Expansion of the Acceptance Program for dental mate-
rials and devices; glass ionomer cements; JADA; 99;
Aug. 1979; pp. 227-228.

Reported Sensitivity to glass ionomer luting cements:
JADA; 109; Sep. 1984; p. 476.

Status report on the glass ionomer cements; JADA: 99:
Aug. 1979; pp. 221-224.

Dentist’s Desk Reference; Materials, Instruments and

equipment; American Dental Association; 1983; pp.
Preface and 118-119.

Gilmore et al., Operative Dentistry; 1973; pp. 64-95.
Cardosa et al., Low-Silver amalgam restorations; A two—-

year clinical evaluation, Dental Materials, Jul. 1989;
5:277-80.

" Osborn, Clinical Assessment of 14 amalgam alloys, Gen-

eral Dentistry, May-Jun. 1990:206-208.

Powell et al.,, Effect of Admixed Indium on Mercury
Vapor Release from Dental Amalgam, Journal of Dental
Research, Aug. 1989; 68(8):123;123.

Mercurial Debata, Science; d55(13):1356-1357, 1992.
Fasbinder et al., Tensile Bond Strength of Dental Adhe-
sives to Dentin and Enamel, Dental Materials, Jul. 1989:
5:272-276.

Curtis, The Use of Dental Amalgam—An Art or a Sci-
ence?, 1992 Jul./Aug. Dental Update pp. 239-245.
Watson, The interfacial region of the tooth/glass ionomer

restoration: A confocal optical microscope study, Am J
Dent 1991; 4: 303-310.



5,252,122

1

IONIC BOND BETWEEN AMALGAM AND GLASS
IONOMER

This 1s a continuation of application Ser. No.
07/748,679, filed Aug. 22, 1991, now abandoned.

FIELD OF THE INVENTION

This invention relates to a system for the restoration
of lesions in living teeth, and in particular, to a system
for chemically bonding amalgam to dentin.

BACKGROUND OF THE INVENTION

Because conventional fillings rely purely on mechani-
cal retention.to the tooth, they are not suitable in in-
stances when a tooth is severely decayed and has little
structure left to which the filling may be attached. A
conventional filling in a tooth with even only a moder-
ate amount of decay may fail over time due to recurrent
decay, lack of retention, or continued stress breakdown
of the remaining tooth structure. Therefore, the patient
i1s often faced with the choice of removing the tooth or
the application of a crown.

In some instances, retentive pins are used to affix
restorations to a tooth. However, pins tend to weaken
the restoration, create stresses within the tooth, and
may also result in pulpal exposure. Thus, it is desirable
to provide a dental restoration system which does not
utilize pins or other similar mechanical mechanism so as
to limit the stress placed on the tooth.

Many types of materials have been used to affix a
restoration to a tooth, including glass ionomer cement
and dentin bonding systems. Glass ionomer cement
bonds to tooth structure dentin and has been used for
restorative materials, cavity liners, bases, and crown
cements. As a crown cement, the glass ionomer cement
is mixed, placed into the crown and, before the cement
hardens, the crown is placed over the prepared tooth.
As the glass ionomer cement hardens, the crown is
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retained on the tooth, and, after complete hardening of 40

the cement, an excellent bond between the tooth and
crown is formed. In other situations, glass ionomer

cement may be applied to a tooth and allowed to harden
to form a liner or base on which the amalgam may then

be applied to restore the tooth using conventional tech-
niques. |

Studies have been conducted to determine the capa-
bility of glass ionomer cements to adhere to various
materials, including the tests disclosed in Hotz, et al.,
The Bonding of Glass Ionomer Cements to Metal and
Tooth Substrates, British Dental Journal, 1977; 142:
41-47. This study demonstrated that glass ionomer ce-
ment bonds well with dentin and enamel, and also ad-
heres to some cast solid metals. Adherence to a cast
solid metal is most successful when the surface of the
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metal is first etched with an acid, such as citric acid,

before applying the glass ionomer cement.

Results of studies such as Hotz et al., have provided
a basis for the use of glass ionomer cements in various
dental procedures. For example, in U.S. Pat. No.
4,654,007, a layer of glass ionomer cement is applied to
a tooth before attaching a porcelain restoration. After
proper hardening of the cement, the cement is etched
with an acid to create microscopic surface irregularities
or tubules, which facilitate mechanical retention of the
porcelain restoration to the tooth. The method dis-
closed in U.S. Pat. No. 4,738,722 is similar in that the
glass ionomer cement disclosed is hardened and etched
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with an acid before the restoration material is placed
into the cavity preparation. This method protects the
pulp of the tooth by providing a layer of glass ionomer
cement above the pulp.

The current restoration methods using glass ionomer
cements have proven to be successful in restoring signif-
icant lesions. For example, Matis, et al., How Finishing
Affects Glass Ionomers, 1991; 122: 43-46, preformed a
five year study to determine the effectiveness of restora-
tions involving the use of glass ionomer cements finding
that the glass ionomer cements are outstanding in their
retentive capability. Also, researchers continue to im- |
prove the retention capability of the cements. For ex-
ample, the polymerizable cement mixtures disclosed in
U.S. Pat. No: 4,872,936 demonstrate increased mechani-
cal strength, lower solubility, and have no outstanding
separation phenomena.

However, one shortcoming of using glass ionomer
cements in present restorative techniques is the glass
ionomer cement must be allowed to harden before it is
etched with acid. This results in an undesirable time
delay, and the risk that tooth damage to the nerve mi ght
occur while etching the hardened glass ionomer. There-
fore, it is desirable to develop a dental restoration SySs-
tem which is efficient and requires relatively little time
to perform.

In instances when hardened glass ionomer is used as a
base for amalgam, studies show that the glass ionomer
shrinks, leaving a slight 60-80 um gap between the
hardened glass ionomer and the hardened amalgam.
Scherer, Reinforced Glass Ionomer Cement vs. Zinc Phos-
phate Cement, 18th Annual Session of the American
Association for Dental Research, San Francisco, Calif.
Thus, the hardened glass ionomer does not bond the
amalgam to the tooth.

Dentin bonding systems which utilize cements other
than glass ionomers, such as those discussed in Johnson,
et al., Dentin Bonding Systems: A Review of Current Prod-
ucts and Techniques, The Journal of the American Den-
tal Association, 1991; 122: 34-41, have recently become
available. The cements used in these dentin bonding
systems are applied to the tooth prior to filling the tooth
or to the application of a restoration. However, before
being applied to the tooth, the tooth is etched with an
acid to create tubules to which the dentin bonding sys-
tems are micromechanically bonded. These systems
have not been well-received due to the risk of pain and
damage if the acid contact sensitive dental nerves. In
fact, Johnson et al. identifies several cautions in the use
of dentin bond systems, and in fact, suggests the use of
a protective liner for deep lesions. Therefore, it is desir-
able to develop a dental restoration system which does
not require etching of the tooth or of the cement.

It 1s also known to fill a tooth lesion with composite
materials, which may include a glass ionomer mixed
with amalgam used as a base. However, these restora-
tions do not bond as well to dentin as glass ionomer
alone. Moreover, these materials have a tendency over
time to discolor the dentin and provide an unsi ghtly
aesthetic appearance.

It 1s also desirable to develop a dental restoration
system that works well with conventional materials,
such as amalgam, to allow the tooth to be filled instead
of using a crown or bridge, as amalgam is less expensive
and 1s easy to handle.
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OBJECTS OF THE INVENTION

Accordingly, it is one object of the present invention
to provide a dental restoration method which is reliable,
inexpensive and expedient.

It is another object of the present invention to pro-
vide a dental restoration system that does not require
pins or acid etching.

It is another object of the present invention to pro-
vide a dental restoration system which bonds to dentin,
fills dentin tubules and eliminates the need for unneces-
sary extraction. |

It 1s another object of the invention to provide a
dental restoration system that internally bonds the re-
maining crown of a tooth together so as to avoid contin-
ued cracking of the tooth enamel. | |

It 1s another object of the present invention to pro-
vide a dental restoration system which is able to
strongly hold large amalgam fillings.

It is another object of the invention to provide an
amalgam filling with an increased life expectancy.

It 1s another object of the invention that provide a
restoration system that may be used with amalgam hav-
ing a reduced mercury content.

It is another object of the invention to provide an
amalgam filling strongly bonded to dentin.

SUMMARY OF THE INVENTION

Wet glass ionomer cement is applied to a tooth lesion.
Before the cement hardens, wet amalgam is applied on
top of the glass ionomer cement. The glass ionomer
bonds to the tooth, and the interface of the wet cement
and wet amalgam allows strong ionic bonds to form
between the glass ionomer cement and the amalgam, to
provide an exceptionally strong bond between the amal-
gam and the tooth.

DETAILED DESCRIPTION

A tooth lesion is first prepared to receive an amalgam
filling using conventional techniques. If sufficient tooth
structure 1s present, the tooth may be undercut to pro-
vide improved mechanical retention for the completed
filling. Liquid glass ionomer is then applied to the pre-
pared tooth lesion. The glass ionomer cement prefera-
bly has a set time of 5-10 minutes and contains fluoride
ions to assist in preventing tooth decay by releasing
fluoride 1ons into the dentin over time. Glass ionomer
cement is available from a variety of sources including
the Glaslonomer Cement, Type I distributed by Shofu
Dental Corporations of Menlo Park, Calif. While the
glass ionomer cement layer is still wet, a layer of wet
amalgam, such as Valiant Phd, is placed disposed on the
glass ionomer layer using conventional amalgam appli-
cation techniques. The glass ionomer and amalgam
layers are allowed to harden to form a solid laminate
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the amalgam (having strong positive charges) are able
to physically move and align themselves before the
constituents harden. When aligned, a strong ionic bond
1s created between the constituents. This level of ionic
bonding does not occur when wet amalgam is applied to
a8 hardened glass ionomer layer as in the prior art. The
nature of the ionic bond also suggests that bond strength
may be increased by employing amalgam with an in-
creased tin content, as the tin particles provide a partic-
ularly strong ionic bond. Likewise, increasing the fluo-
ride content of the glass ionomer cement may increase
the bond strength. |

- In another embodiment of the invention, amalg
powder is mixed with the glass ionomer cement before
the cement is applied to the tooth. Preferably, the amal-
gam powder has substantially the same metals in the
same percentage as the amalgam to be used as filling
material, as this will reduce the risk of galvanic activity.
The amount of amalgam powder may vary from about
2% to 50% by volume of the glass ionomer cement.
Adding the amalgam powder to the glass ionomer ce-
ment provides several benefits. First, when first intro-
duced, the amalgam powder initiates ionic activity in
the glass ionomer by causing disassociation of the ions,
thus preparing them to bond to the wet ‘amalgam.
Therefore, ionic bonds to the wet amalgam will occur
at a higher rate. Becausé there is an overabundance of
ions in the glass ionomer cement, there is no diminua-
tion in ions available to bond to the wet amalgam. Sec-
ond, the subsequent bond to the amalgam will have an

- increased shear strength due to internal bonding in the
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structure that sufficiently restores the preferred form of .

the tooth.

As noted above, the adhesion of glass ionomer ce-
ment to dentin is well documented. However, the pres-
ent invention results in a remarkably strong bond be-
tween the glass ionomer cement and the amalgam, after
the amalgam has hardened. The precise explanation for
the bond is not fully appreciated, but it is believed that
an ionic bond is created between the wet glass ionomer
cement and the wet amalgam. Specifically, it is believed
that because both constituents are interfaced while in a
lhiquid state, the glass ionomer ions (having strong nega-
tive charges) and the metal particles (including tin) in
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cement with the amalgam particles.

Preliminary tests have shown the amalgam-glass ion-
omer bond strength to be about 40 psi, which is much
stronger than conventional amalgam fillings without
mechanical retention and the bond between glass iono-
mers and porcelain, or acrylic restorations. Thus, this
method may be used to repair a tooth which might
otherwise require extraction or a crown. Moreover,
because the entire amalgam surface containing the glass
ionomer cement is ionically bonded, the amalgam holds
the tooth crown together to thereby prevent cracking.
Also, the risk of exposing dental pulp to acid as used in
other techniques is eliminated.

The present invention also allows use of an amalgam
having a reduced mercury content. Specifically, the
viscous glass ionomer cement layer fills small crevices
which ordinarily are required to be filled by amalgam in
a conventional filling. Since, in the present invention,
amalgam does not fill the small crevices, the content of
the amalgam need not be as fluid as is required for con-
ventional fillings. The reduction of mercury content of
fillings is very important in reducing the potential risk
to the patient and to the dentist for undesirable exposure

10 mercury.

It will be appreciated by those of skill in the art that
the restoration of major tooth lesions according to the
present invention can be accomplished in instances
where more expensive crowns or bridges would ordi-
narily be required. In addition, the procedure of the
present invention can be accomplished in much less
time. Moreover, due the strong ionic bond with the
amalgam, the restoration will last longer than conven-
tional amalgam fillings, even for large.lesions. The use
of glass ionomer cement seals dentin tubule, which
helps eliminates post restorative sensitivity. Finally,
since the glass ionomer cement may contain fluoride, it
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provides a fluoride release which assists in inhibiting
recurrent decay.
I claim:
1. A method of restoring lesions in a living tooth,
comprising the steps of:
applying a wet glass ionomer cement to the lesion;
placing a wet dental amalgam directly on the wet
glass ionomer cement enabling the glass ionomer
cement to bond the amaigam to the tooth; and

allowing the wet glass ionomer cement and wet den-
tal amalgam to harden, such that the glass ionomer
cement is bonded to the amalgam.

2. The method of claim 1 wherein the wet dental
amalgam includes tin.

3. The method of claim 1 wherein the glass ionomer
cement further includes amalgam particies.

4. The method of claim 3 wherein the amalgam parti-
cles in the glass ionomer cement have substantially the
same metallic composition as the metal particles of the
wet dental amalgam.

5. The method of claim 1 wherein the bond between
the layer of glass ionomer and the layer of amalgam has
a bond strength greater than 10 psi.

6. The method of claim § wherein the bond between
the layer of glass ionomer and the layer of amalgam has
a bond strength of at least 40 psi.

7. A restoration for restoring lesions in a living tooth,
comprising:

a layer of glass ionomer cement bonded to the tooth;

and
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a layer of amalgam disposed on the layer of glass
ionomer cement, the restoration having been
formed according to the method of claim 1.

8. The restoration of claim 7 wherein the glass iono-

5 mer cement includes fluoride ions.

9. The restoration of claim 7 wherein the amalgam
includes tin.

10. The restoration of claim 7 wherein the glass iono-
mer cement further includes amalgam particles.

11. The restoration of claim 10 wherein the amalgam
particles in the glass ionomer cement have substantially
the same metallic composition as the metal particles of
layer of amalgam. |

12. The restoration of claim 7 wherein the bond be-
tween the layer of glass ionomer and the layer of amal-
gam has a bond strength greater than 10 psi.

13. The restoration of claim 12 wherein the bond
between the layer of glass ionomer and the layer of
amalgam has a bond strength of at least 40 psi.

14. A tooth having a restored lesion, the restoration
of the lesion being formed by the process of claim 1.

15. The tooth having a restored lesion of claim 14
wherein the bond between the glass ionomer cement
and the amalgam is ionic.

16. The method of restoring lesions in a living tooth
of claim 1 wherein the bond between the glass ionomer
cement and the amalgam is ionic.

17. The restoration for restoring lesions in a living
tooth of claim 7 wherein the bond between the glass

ionomer cement and the amalgam is ionic.
* % %X ¥ =
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57 ABSTRACT

Wet glass 1onomer cement 1s applied to a tooth lesion.

Before the cement hardens, wet amalgam 1s applied on top

of the glass 1onomer cement. The glass 1onomer bonds to the

tooth, and the 1nterface of the wet cement and wet amalgam

allows strong 10nic bonds to form between the glass 1onomer

cement and the amalgam, to provide an exceptionally strong

bond between the amalgam and the tooth.
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